INTRODUCTION
Multipotential hematopoietic stem cells (CFU-S) are a group of undiffer entiated cells residing in the hematopoietic tissues not only in fetus and the young but also in the adult, which can proliferate either for self-renewal or for the production of differentiated blood cells depending upon demand. These undifferentiated proliferative cells are generally very much sensitive against ionizing radiations, and the depletion of these cells makes a major cause of somatic radiation hazards. The role of the hematopoietic stem cells in the re covery of X-ray damaged hematopoietic tissues has repeatedly been studied by many workers'-'). Recently, considerable attentions upon self-renewal capacity of committed myeloid stem cells (CFU-C) have been also paid by some workerss). Myeloid stem cells newly produced in the irradiated animals from survived CFU-S or from survived CFU-C belong to a population which might be different from the population that had inhabited in the hematopoietic tissues before irradiation.
This assumption is based upon the fact that a large portion of CFU-S are resting at the Go stage in the body). It is assumable that the descendants of the survived CFU-S are endowed with greater tolerance against X-rays than normal CFU-C . On the contrary, the descendant cells may inherit unredeemable radiation injury and may exhibit increased radiosensitivity. A pool of highly purified preparation of colony-stimulating factor (CSF) has facilitated us to investigate this point in the present work.
MATERIALS AND METHODS

Animals:
Male mice of the C3H strain, aged 3-4 months, were exposed to whole-body X-irradiation.
An X-ray generator (Shimazu Shin-ai 250-II) was operated at 200 kVp and 20 mA, and the X-rays were filtered through 0 .5 mm Cu and 0.5 mm Al. The exposure rate was 55 R/min, as monitored by a Radocon inonization gauge (Model 575A). Total exposure was 300R. Groups of 3 or 4 animals were killed at a time by dislocation of cervical vertebrae , 1, 3, 4, and 7 days after irradiation.
Bone marrow cell culture:
Marrow cells of bilateral femurs of the animals were pooled in each group and suspended in 6 ml of McCoy's 5A medium (Gibco , Grand Island, N.Y.). The cells were washed once by centrifugation (2000 rpm , 5 min) and re-suspended in a fresh McCoy's 5A medium to a density of 5 x 105/ ml unless otherwise specified. The cell suspension was then mixed at 40°C with 4 volumes of McCoy's 5A medium containing 0 .4% bacto-agar (Difco Lab, Detroit MI), 25% horse serum (Gibco), and 25-400 units/ml of highly purified human urine CSF. The mixture was dispensed in 1-ml portions in 35-mm plastic petri dishes (Lux Scientific Corp., Newbury Park, CA) , allowed to stand at room temperature for 15 min to solidify the gel, and then incubated at 37°C for 7 days under a humidified atmosphere of 5% CO2 and 95% air. The developed colonies (50 or more cells) and clusteres (10-50 cells) of granulocyte/macrophages were counted under a microscope. By a preliminary experiment with use of 200 units/dish of CSF, it was confirmed that the number of colonies was linearly related with the number of cells plated initially in the range from 2 x 104 to 1 x 105/dish in normal cell cultures.
Irradiation of bone marrow cells in culture: Shortly after inoculation with bone marrow cells at cell densities ranging from 1 x 105 to 9 x 105/dish as occa sion required, the semi-solid agar cultures were irradiated with X-rays of 0 to 600R in a manner similar to above but at 50 cm from the X-ray tube where an exposure rate of 100 R/min was generated. In this series of experiments , all cultures contained 200 units/dish of CSF . Survival of the irradiated CFU-C was compared on the linear part of the curve showing the number of colonies versus the number of cells plated . Other conditions of culture were the same as described above.
CSF preparation:
A five-step procedure similar to those reported by other workers') 8) was employed for the purification of CSF from normal human urine; i.e., precipitation by ammonium sulfate at 80% saturation, DEAE-cellulose chromatography (twice), Sephadex G-100 gel-filtration, preparative isoelectro focusing with 1% Ampholine (LKB, pH 3-10), and Ultro-gel ACA 34 column chromatography.
Specific activity of CSF was about 8 x 106 units/mg of protein at the final stage of purification, the concentration of proteins being determined by Coomassie brilliant blue G250 (Bio-Rad, Richmond CA). The purified CSF was diluted with 0.15 M NaCI containing 5 mM Na phosphate (pH 7.4) and 0.05% polyethyleneglycol to a concentration of about 2 units/pl, and used in each 1-ml bone marrow cell cultures in a dose of 10-160 pl. One unit of CSF represents the activity producing one colony of granulocyte/macrophages in 1-ml culture of 1 x 105 bone marrow cells. The number of the cells was deter mined by an automatic cell counter (Sysmex, Model CC-110).
RESULTS
Rapid decrease, temporal recovery and secondary reduction o f the number o f CFU-C in the femoral marrow of mice following whole body X-irradiation of 300R
Whole-body irradiation of mice with 300R X-rays resulted in a marked decrease of the number of CFU-C in femoral marrow in 24 hrs. The use of a highly purified preparation of CSF in saturating amounts revealed that CFU-C was decreased to a level as low as 10% of the normal level (Panel A of Fig. 1 ). The decrease of the number of CFU-C was accompanied by the increase of cluster/colony ratio in the culture; the ratio was 0.75 in an average in the control and 1.57 in the irradiated both in the presence of 160 pl/dish of CSF. It was noted that the increase of cluster/colony ratio was more prominent in the culture containing lesser amounts of CSF; 1.07 and 2.41 in the two groups in the pres ence of 40 p1/dish of CSF. Yet, it was apparent that the decreased number of colonies was not accountable by the increase of the number of clusters. Within 3 days after irradiation, the number of CFU-C in the femoral marrow returned to a nearly normal frequency (Panel B of Fig. 1 ). Cluster/colony ratio had also been significantly normalized, the ratio being 0.58 and 0.54 in the control and in the irradiated respectively when it was determined with use of the highest concentration of CSF. However, secondary depletion of CFU-C started on the 4th day of experiment (Panel C of Fig. 1) , and the depletion became more promi nent on the 7th day post-irradiation (Panel D of Fig. 1 ). The cluster/colony ratio was also slightly increased again with time elasped; it was 0.65 and 1.11 in the two groups on the 7th day under the maximum stimulation. Change of radiosensitivity of CFU-C after sublethal X-irradiation of mice Bone marrow cells were isolated from the X-irradiated mice, plated in petri dishes and exposed to various doses of X-rays for the second time to compare invitro radiosensitivity of CFU-C of these animals with that of CFU-C of normal animals. It was shown that, one day or 7 days after sublethal whole-body irradia tion, the radiosensitivity of CFU-C of the irradiated was not significantly dif ferent from that of CFU-C of the control (Panel A and C of Fig. 2) . By contrast, a slight left-shift of the survival curve was observed, when the CFU-C of the irradiated were exposed to X-rays for the second time 4 days after the initial irradiation (Panel B of Fig. 2) . Similar experiments were repeated with the CFU C isolated from the animals 3 days after irradiation, and it was observed again that the radiosensitivity of CFU-C of the irradiated was increased beyond the normal sensitivity (Table 1) . It was also shown that the survival ratio of CFU C was not influenced by the difference of the initial population-density of bone marrow cells so far as examined in these experiments. 
DISCUSSION
Time course of the change of CFU-C content of bone marrow in sublethally irradiated animals is characterized by a rapid decrease followed by a temporal recovery.') 10) 11) It seems that the length of time period required for recovery differs among different strains of mice and is dependent on the dose of radiation.
Accurate estimation of total cellularity of bone marrow is rather difficult, because the efficiency of collecting of the cells may vary considerably among experiments. However, so far as the number of cells obtained by the routine procedure was concerned, no difference was observed between the normal and the irradiated at 24 hrs of experiment (about 1.7 x 10' cells per 2 femurs in both groups of animals). Thus, the acute effect of radiation observed above was specific for proliferating cells such as CFU-C. The yield of the femoral mar row cells was smaller by 30 or 35% in the animals irradiated 3 or 4 days before than in the controls. Yet, it was obvious that the absolute number of CFU-C decreased markedly once and recovered considerably in 3 or 4 days after irradia tion.
The supposition that the descendants of the survived precursor cells may be stronger against radiation than normal CFU-C has been denied by the observa tion that the radiosensitivity of CFU-C of the irradiated mice was same or rather higher than the radiosensitivity of CFU-C of normal animals ( Fig. 2 and Table  1 ). The CFU-C isolated from the irradiated animals on Dat 1 did not show an abnormally elevated radiosensitivity, when they were irradiated for the 2nd time (Panel A of Fig. 2 ). It is probable that a certain portion of the cells which formed colonies in this experiment were the daughters of the irradiated CFU-C but not the irradiated CFU-C themselves. Anyhow, the present observation indicates that the radiation injury caused by the initial irradiation was recovered within 24 hrs either in the irradiated cells themselves or in their descendants. The present observation suggests that Elkind-type recovery (i.e., recovery during fractionated irradiation) occurred quickly in the survived CFU-C.
The Do values for the CFU-C irradiated in agar in the present study were found in the range of 90-100R, and are nearly consistent with the value reported for the CFU-C irradiated in vivo12) but considerably smaller than the value re ported for CFU-C irradiated in dilute suspension.") 14) In the present study, the radiosensitivity of the control cells differed to some extents between Fig.  2 and Table 1 . Furthermore, the CFU-C frequency recovered to a normal level in 3 days in the experiment shown in Fig. 1 , whereas it was still as low as 63.2% (Exp I) or 43.8% (Exp II) of the control level in the experiment shown in Table  1 . The reason of these discrepancies is not clear, but may simply be due to the difference of the conditions of the animals from which the bone marrow cells were harvested. In conclusion, it can be said that temporal recovery or secondary reduction of CFU-C in number occurred in the sublethally irradiated animals, when radia tion injury still persisted in the cells or when the cells had been apparently re covered from the residual radiation injury. 
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